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  Isolation and Cloning of ABCA3 Gene from Rasbora sarawakensis 
Mohammad Azllan Shah bin Mohd Isa 
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Department of Molecular Biology 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
ABSTRACT 
In prokaryote, ATP-binding cassette facilitates the import of essential nutrients and the extrusion of 
toxins. They also participate in DNA repair and translation or regulation of gene expression. In 
eukaryotes, ABC proteins play role as efflux pumps. Based on previous study, mutation in ABCA3 
gene are associated to cataract-microcornea syndrome and surfactant metabolism dysfunction. The 
model organism for this study is Rasbora sarawakensis that endemic at the island of Borneo. The 
objectives of this study are cloning and identification of ABCA3 gene from Rasbora sarawakensis 
and identify the expression of ABCA3 gene in Rasbora sarawakensis. Firstly, The ABCA3 gene 
isolated and cloned into pGEM-T easy vector. The vector inserted into XL-1 competent cell which 
produced 1.08 × 10
6
 transformant/µg. The colony PCR conducted to confirm the presence of insert. 
Further confirmation was done by NotI restriction enzyme. The plasmid sent for sequencing and 
BLAST was conducted which shows 90% identity Danio rerio transporter 1, ATP-binding cassette, 
sub-family B (MDR/TAP) (tap1). Based on this study, the future expression identification and 
functional analysis of the gene in multixenobiotic mechanism can be carried out. Thus, establishing 
Rasbora sarawakensis as exotoxicological model for studying water condition in Sarawak. 
Keywords: ATP-binding cassette, efflux, ABCA3, cataract-microcornea syndrome, surfactant, 
Rasbora sarawakensis. 
ABSTRAK 
ATP- mengikat kaset memudahkan kerja mengimport nutrien penting dan penyemperitan toksin di 
dalam prokariot. Komponen ini juga terlibat dalam pembaikan DNA dan terjemahan atau regulasi 
pengekspresan gen. Protein ABC pula memainkan peranan sebagai pam penembusan di dalam 
eukariot.Berdasarkan kajian sebelum ini, mutasi dalam gen ABCA3 berkait rapatdengan sindrom 
katarak-mikro kornea dan disfungsi metabolism surfactant. Model organisma dalam kajian ini 
adalah Rasbora sarawakensis yang endemik di kepulauan Borneo. Objektif kajian ini adalah 
mengklon dan mengenal pasti gen ABCA3 daripada Rasbora sarawakensis; dan mengenal pasti 
ekspresi gen ABCA3di dalam Rasbora sarawakensis. Gen ABCA3 terpencil dan diklon ke pGEM -
T vektor mudah . Vektor dimasukkan ke XL- 1 sel berwibawa yang mengeluarkan 1.08 × 106 
transforman / μg . Koloni PCR dijalankan untuk mengesahkan kehadiran memasukkan. Pengesahan 
lanjut telah dilakukan oleh pemberitahuan sekatan enzim. plasmid dihantar untuk penjujukan dan 
BLAST telah dijalankan yang menunjukkan 90 % identiti Danio rerio transporter 1, ATP-binding 
cassette, sub-family B (MDR/TAP) (tap1). Berdasarkan kajian ini, pengenalan ungkapan masa 
depan dan analisis fungsi gen dalam mekanisma multixenobiotic boleh dilakukan . Oleh itu, 
mewujudkan Rasbora sarawakensis model sebagai ekotoksikologikal untuk mengkaji keadaan air 
di Sarawak 











ATP-binding cassette (ABC) transporters are molecular systems that catalyse the transport 
of a variety of substrates across biological membranes. In prokaryotes, ATP-binding 
cassette facilitates the import of essential nutrients and the extrusion of toxins. 
Furthermore, they also participate in DNA repair and translation or regulation of gene 
expression (Davidson et al., 2008). In eukaryotes, ABC proteins play role as efflux pumps. 
Efflux pumps have multiple and crucial physiological roles.  
ABC transporters are implicated in multidrug resistance (MDR) and also 
pleiotropic drug resistance (PDR), thus are involved in the low uptake of the clinical 
treatment of microbial infections and human (Susan et al., 1998). This is because the ABC 
transporter substrate may involve an unusually large set of chemically diverse compounds. 
ATP-binding cassette (ABC) transporters exist ubiquitously in all organisms from bacteria 
to human and actively transport variety of solutes in large number across cell membranes.  
Rasbora sarawakensis is chosen as model organism because it is an endemic 
freshwater fish species that can be found in Asia. It can be harvested easily in Sungai 
Sarawak and Batang Kayan in Sarawak and also Mempawah and Malawi in Kalimatan 
Barat. ATP-binding cassette sub-family A member 3 is a protein encoded by ABCA3 gene 
in human (Klugbauer et al., 1996). Based on previous study, mutation in ABCA3 are 
associated to cataract-microcornea syndrome and surfactant metabolism dysfunction. 
(Chen et al, 2014). Therefore, to improve understanding of ABCA3 expression, the ABCA3 







The objectives of this research are: 
1. Cloning and identification of ABCA3 gene from Rasbora sarawakensis. 


















2.0 LITERATURE REVIEW 
 
 
2.1 Background of ATP-binding cassette sub-family A member 3 (ABCA3). 
 
ATP-binding cassette transporters (ABC transporters) are members of a protein 
superfamily that is one of the largest and oldest families with representatives in all extant 
phyla from prokaryotes to humans. ABC transporters are trans-membrane proteins that 
utilize the energy of adenosine triphosphate (ATP) binding and hydrolysis to carry out 
certain biological processes including translocation of various substrates across membranes 
and non-transport-related processes such as translation of RNA and DNA repair.
  
Table 2.1: Human ABC gene subfamilies (Vasilis et al., 2009) 




ABCA ABC1 12 5 
ABCB MDR (Multidrug Resistance) 11 4 
ABCC MRP (Multidrug Resistance 
Protein) 
13 2 
ABCD ALD (Adrenoleukodystrophy) 4 4 
ABCE OABP (Organic Anion-Binding 
Protein) 
1 2 
ABCF GGN20 3 2 
ABCG White 5 2 





ABC transporter transports a wide variety of substrates across extra- and 
intracellular membranes, including metabolic products, lipids and sterols, and drugs. ABC 
transporters are classified as proteins based on the presence of their ATP-binding cassette 
(ABC) domains. ABC transporters are involved in tumor resistance, cystic fibrosis and a 
range of other inherited human diseases along with both prokaryotic and eukaryotic 
(including human) development of resistance to multiple drugs. 
 
Figure 2.1: ATP-binding cassette transporter 
The ABCA3 gene is the gene which encoded the protein involved in surfactant 
production. The surfactant is a mixture of a certain fats and proteins that lines the lung 
tissue and makes breathing easy. The absent of normal surfactant will cause the tissue 
surrounding the air sacs in the lung or specifically in alveoli sticks together after the 
exhalation and will cause the alveoli to collapse. Then, it will result the difficulties to 
filling the lungs with air on each breath and the oxygen cannot be delivered to the body as 




The ABCA3 protein is found in the membrane that surrounds lamellar bodies. 
Lamellar bodies are the cellular structures in which the phospholipids and proteins that 
make up surfactant are package (Cheong et al., 2007). The ABCA3 protein is responsible in 
transporting phospholipids into the lamellar bodies.  Then, phospholipids interact with 
surfactant proteins to form surfactant. Furthermore, the ABCA3 protein also appears to be 
involved in the formation of normal lamellar bodies. In addition to packaging, lamellar 
bodies are important for the correct processing of surfactant proteins, which is necessary 
for the proteins to mature and become functional (Cheong et al., 2007). 
Normally, mutations in ABCA3 gene will cause surfactant dysfunction. ABCA3 
deficiency often cause severe or even fatal breathing problems in new born or gradual 
onset of milder breathing problems in children or adults. This is because the ABCA3 gene 
mutations lead to the production of a protein that is not inserted into the lamellar body 
membrane. 
The abnormal protein which produced often has only little function or no function 
at all. The absence of ABCA3 protein function will decrease the transport of surfactant 
phospholipids. Then, lamellar body formation is impaired and this event will causes 
abnormal processing of surfactant proteins. The location of the gene in human and mus 
musculus are shown in Figure 2.2 and Figure 2.3. 
 






Figure 2.3: The location of ABCA3 gene on chromosome 17 in mus musculus 
 
2.2 Background of Rasbora Sarawakensis 
Rasbora is a genus of small minnow type of fish in the family Cyprinidae in the 
order cypriniformes (Liao et al., 2010). Rasbora sarawakensis is endemic to the island of 
Borneo. Although the name may give an idea that it can only be found in Sarawak but it 
also ranges into neighbouring West Kalimantan (Indonesia). It has been recorded has been 
found from numerous river systems including the Batang Kayan and Sungai Sarawak in 
Sarawak, and the Mempawah and Melawi in West Kalimantan. 
 
Figure 2.4: The image of Rasbora Sarawakensis 
 
The habitat which is preferable for the Rasbora sarawakensis is slow moving forest 




rainforest canopy. The water physical visual is often quite clear but some brown coloured 
may be present due to tannins released from the decomposing organic matter.  
Matures females of Rasbora sarawakensis can be differ by rounder-bellied and 
probably the size of female is little large than males. Rasbora sarawakensis can grow until 
approximately 5 cm and a small aquarium is sufficient enough to house a small group of 
Rasbora sarawakensis. The fish suitable to feeds with dried foods of suitable size with the 
fish size. Daily meals of small live and frozen fare such as Daphnia (water flea), 
bloodworm and others same organism will result in the best coloration and will encourage 
the fish to breed. The optimum environment for Rasbora sarawakensis is needed to 















3.0 MATERIALS AND METHODS 
 
3.1 Materials 
TRI reagent (Sigma, USA) 
Chloroform  
Isopropanol 
TAE (Tris-acetate EDTA) buffer 
EasyScript
®
 Reverse Transcriptase (TransGen, China) 
QIAquick 
®





-T Easy Vector (Promega, USA) 
LAIX (LB agar/ Ampicillin/ IPTG / X-Gal) 
QIAprep Spin Miniprep Kit (Qiagen, Germany) 
 
 
3.2 Methods  
 
3.2.1 Rasbora sarawakensis maintenance 
Rasbora sarawakensis was obtained from the fish facility in the Department of Molecular 
Biology UNIMAS. The fish was kept in the aquarium complete with filter and air blower. 
The water for the aquarium was change once a week. The water preferred at 26 ᵒC and 





3.2.2 Total RNA extraction using TRI Reagent 
The tissue sample was homogenized in TRI Reagent (1 ml per 50-100 mg of tissue) in an 
appropriate homogenizer. The volume of the tissue should not exceed 10% of the volume 
of the TRI Reagent. After homogenization, the homogenate was centrifuged at 12000 × g 
for 10 minutes at 2-8 ᵒC to remove the insoluble material (extracellular membranes, 
polysaccharides, and high molecular mass DNA). 
RNA and protein were contained in the supernatant. Layer of the fatty material will 
present on the surface of the aqueous phase. The clear supernatant was transferred into the 
fresh tube. The samples were allowed to stand for 5 minutes at room temperature to ensure 
complete dissociation of nucleoprotein complexes. 
0.2 ml of chloroform/per ml of TRI Reagent was added into the tube. The sample 
was covered tightly, shakes vigorously for 15 seconds, and allowed to stand for 2-15 
minutes at room temperature. The resulting mixture was centrifuge at 12000 × g for 15 
minutes at 2-8 ᵒC.  
Centrifugation separated the mixture into 3 phases: a red organic phase (containing 
protein), an interphase (containing DNA), and a colourless upper aqueous phase 
(containing RNA). The aqueous phase was transferred to a fresh tube and 0.5 ml of 
isopropanol per ml of TRI reagent was added in sample preparation and mixed. The 
sample was allowed to stand for 5-10 minutes at room temperature. The sample was 
centrifuged at 12000 × g for 10 minutes at 2-8 ᵒC. The RNA precipitate will form a pellet 
on the side and bottom of the tube. 
The supernatant is removed and the RNA pellet was washed by adding a minimum 
of 1 ml of 75% ethanol per 1 ml of TRI Reagent used in sample preparation. The tube was 
inverted several times and then was centrifuged at 12000 × g for 5 minutes at 2-8 ᵒC. The 




vacuum. The pellet was dissolved in DEPC water/ nuclease-free water and the 
concentration of RNA was measured before storage at -80 ᵒC. RNA quantification has been 
visualized by spectrophotometer and the RNA quality has been done by run the RNA on 
electrophoresis gel. 
 
3.2.3 Agarose gel electrophoresis 
1 % agarose gel was prepared with 0.5 g of agarose powder and 50 ml of 1X TAE (Tris-
acetate EDTA) buffer. The mixture was heated up in a microwave oven until it was boiled 
partially and the agarose powder was dissolved. The solution was cooled to approximately 
60 ºC and ethidium bromide was added into the solution. The solution was poured into the 
gel tray carefully to avoid any bubbles on the liquid surface.  
The comb was inserted before the gel will be left for 30 minutes to solidify. 1 µl of 
6X loading dye and 3 µl of distilled water was added for every 2 µl of RNA sample to load 
the gel. Then, the gel was run at 90 V for 45 minutes in 1X TAE buffer and the band was 
visualized with a UV illuminator. 
 
3.2.4 RNA quantification using UV spectrophotometer 
1 µl of RNA sample was diluted with 999 µl of distilled water in the quartz cuvette and 
was quantified using Ultrospace 1100 Pro UV Vis Spectrophotometer. The absorbance 
values of 230 nm, 260 nm, 280 nm, and 320 nm were measured and recorded. The purity 








3.2.5 Primer design 
The five sequences of ABCA3 gene of freshwater fish had been retrieved from National 
Centre for Biotechnology Information (NCBI). The sequences were selected in FASTA 
format and paste into a word file. The five sequences which has selected are channel 
catfish (Ictalurus punctatus), nile tilapia (Oreochromis niloticus), Amazon molly (Poecilia 
formosa), guppy fish (Poecilia reticulata) and tongue fish (Cynoglossus semilaevis).  
Multiple alignment were conducted and the sequences that highly conserved was 
picked for designing primer pairs using Primer3Plus (Untergasser et al., 2012) software 
according to the optimum parameters. The primer pair was then sent to First BASE for 
primer synthesis after replacing the gap with degeneracy code.  
 
3.2.6 First strand cDNA synthesis using EasyScript
®
 Reverse Transcriptase 
EasyScript Reverse Transcriptase (Promega, USA) was used to synthesize cDNA. 2 µl of 
total RNA, Anchorded Oligo (dT)18 Primer and autoclave water was transferred into a 
microcentrifuge tube and mixed well before  incubated at 65 ˚C for 5 minutes by using 
BioRad Thermal Cycler PCR machine.  
Then, the sample was transferred into ice box with slurry ice for 2 minutes. A total 
of 20 µl of reverse transcription reaction was prepared by adding the reagent as stated in 
the table below. Then, the reaction was incubated at 42 ˚C for 30 minutes. After that, the 
sample was heated at 85 ˚C for 5 minutes to inactivate the enzymes. The cDNA synthesis 






Table 3.1: Reverse transcription reaction mixture. 
Component Volume 
Total RNA samples (1-5 µg) 2 µl 
Anchord Oligo (dT)18 Primer (0.5µg/µl) 1µl 
10mM dNTPs mix 1 µl 
5xES Reverse Transcription  Buffer 4 µl 
EasyScript ® Reverse Transcriptase 1 µl 
RNase-free water 11 µl 
Total volume 20 µl 
 
3.2.7: Gradient Polymerase Chain Reaction 
Primer pair for ABCA3 gene of Rasbora sarawakensis and β-actin were optimized using 
T100™ Thermal Cycler in order to determine the optimum annealing temperature. The 
range of annealing temperature for ABCA3 gene primer pair was 55.0 ᵒC, 54.0 ᵒC, 53.0 ᵒC 
and 52.0 ᵒC. The optimized temperature for positive control was 56.0 ᵒC. 4X master mix 
was prepared to carry out PCR in a 20 µl reaction per tube. 
 The following components were added into a PCR tube was shown in Table 3.2 
and Table 3.3 using degenerated primer pair for ABCA3 and specific primer for β-actin 







Table 3.2: Components of PCR reaction mixtures for ABCA3. 
 
Component Final concentration Volume (1X) Volume (4X) 
10X EasyTaq Buffer (with Mg
2+
) 1X 2.0 µl 8.0 µl 
2.5 mM dNTPs  0.2 mM  1.6 µl 6.4 µl 
10 µM ABCA3 forward primer  0.2 µM 0.4 µl 0.8 µl 
10 µM ABCA3 reverse primer 0.2 µM 0.4 µl 0.8 µl 
EasyTaq DNA polymerase  2.5 units 0.2 µl 0.8 µl 
Nuclease-free water n/a 14.6 µl 58.4 µl 
cDNA As required 0.8 µl 3.2 µl 
Final volume  20.0 µl 80.0 µl 
 
 
Table 3.3: Components of PCR reaction mixtures for β-actin. 
 
Component Final concentration Volume (1X) 
10X EasyTaq Buffer (with Mg
2+
) 1X 2.0 µl 
2.5 mM dNTPs  0.2 mM  1.6 µl 
10 µM β-actin forward primer  0.2 µM 0.4 µl 
10 µM β-actin reverse primer 0.2 µM 0.4 µl 
EasyTaq DNA polymerase  2.5 units 0.2 µl 
Nuclease-free water n/a 14.6 µl 
cDNA As required 0.8 µl 












Events Temperature (˚C) Time 
β-actin ABCA3 
Initial denaturation 94.0 94.0 2 min 
Denaturation 94.0 94.0 30 s 
Annealing 56.0 52.0-55.0 30 s 
Extension 72.0 72.0 40 s 





3.2.8: Gel extraction and confirmation of gel extraction 
Gel extraction   was performed using QIAquick
®
 Gel Extraction Kit to purify the DNA 
fragment of ABCA3 gene from the agarose gel. First, 20 µl of PCR reaction was loaded and 
run on 2% agarose gel at 80V for 40 minutes. A sterile 1.5 ml microcentrifuge tube for 
DNA fragment to be isolated was weighted and weight was recorded.  
The DNA fragment was excised from the agarose gel with a clean, sharp scalpel. 
The gel slice was then transferred to the weighted microcentrifuge tube and recorded the 
weight. 3 volumes Buffer QG was added to 1 volume of gel at a ratio of 100 µl of solution 
per 100 mg of agarose gel slice. The mixture was then incubated at 50 ˚C for 10 minutes 
and briefly mixed the mixture in every 2 minutes to dissolve the gel.  
After the gel slice had dissolved completely, the colour of the mixture was checked. 
Yellow colour of the mixture was achieved to indicate a pH ≤ 7.5 which DNA adsorption 
to the membrane was only efficient at pH ≤ 7.5. 1 volume of isopropanol was added to the 
sample and mixed. A QIAquick spin column was placed in a provided 2 ml collection tube.  
The sample was transferred to the QIAquick column and centrifuged at 13,000 rpm 
for 1 minute. The flow-through was discarded and the QIAquick column was placed back 
into the same tube. To wash, 750 µl Buffer PE was added to QIAquick column and 
centrifuge for 1 minute. The flow-through was discarded and the QIAquick column was 
placed back into the same tube.  
The QIAquick column in the provided 2 ml collection tube was centrifuged again at 
13,000 rpm for 1 minute to remove residual wash buffer. Meanwhile, the QIAquick 
column was placed into a clean 1.5 ml microcentrifuge tube. 20 µl Buffer EB (10 mM 
Tris∙Cl, pH 8.5) was added to the center of the QIAquick membrane and was centrifuged 
